Investigation of the switching phenomenon on TlGaSSe single crystal revealed that it is typical for a memory switch. The switching process takes place with both polarities on the crystal and have symmetrical shapes.
Introduction
Electrical threshold switching and memory in semiconductors have aroused great interest in recent years.
Among the materials in which these eects take place there are chalcogenides. Some of the ternary and quaternary compounds are known to have nonlinear current voltage (I V ) characteristics and switch from the high resistance OFF state for lower applied voltages, to the low resistance ON state for higher voltages [1] . Hence, researchers are trying to discover new materials and compounds which can be used for operation as bistable devices. The quaternary layered TlGaSSe crystal belongs to the new group of layered semiconductors. This crystal is formed from TlGaS 2 and TlGaSe 2 crystals by replacing half of sulfur (selenium) atoms with selenium (sulfur) atoms. The crystal lattice has two-dimensional layers arranged parallel to the (001) plane [2, 3] The aim of this work is to study the switching phenomenon in thallium gallium sulphur selenite single crystal in wide range of temperatures as well as light intensity and sample thickness. To the best of our knowledge switching investigation in this compound has not been reported yet. The absence of data on the characteristics of switching about the compound TlGaSSe makes it dif- * corresponding author; e-mail: r-aloraini@hotmail.com cult to estimate potential application of this material in electronic technology.
Experimental arrangement

Sample preparation
The modied Bridgman method was used to grow TlGaSSe layered single crystal from a stoichiometric melt of starting materials sealed in evacuated (≈ 10 −6 mbar) and carbon coated quartz ampoules with a tip at the bottom. All the starting materials used were of extra pure elements (99.9999%). To prevent the ampoule from exploding, it was heated in a temperature gradient furnace, so that the sulphur condensed at the cold end and slowly reacted with the heated elements at the hot end. The ampoule was kept at temperature higher than the melting point for 10 h to ensure homogenization. The growth was achieved by lowering the ampoule from the hot side of the furnace at 850
• C, to the cold side at 480 • C at a rate of 1.2 mm h −1 . Details of the experimental procedure for crystal growth were reported elsewhere [11] . The resulting ingots had no cracks and voids on the surface. The crystals obtained have a layered structure (red in color)
showed good optical quality and the freshly cleaved surfaces were mirror-like. The samples were identied by means of X-ray analysis. The X-ray diraction analysis conrmed that TlGaSSe compound has monoclinic structure with lattice parameters a = 7.58 Å, b = 7.65 Å, c = 8.71 Å, and β = 111.85
• . All samples of TlGaSSe used in the present study were freshly cleaved from crystals grown in the same ampoule. They had parallel faces and thickness of the order of 1.8 mm.
Switching eect measurements
Specimens of TlGaSSe with plane-parallel mirror surfaces were prepared from a large ingot; they were properly cleaved along the cleavage plane and cut with a lancet. Their typical dimensions are 6.4 × 3.5 × 1.8 mm
The samples are symmetric sandwich type structure in
which single crystal samples are placed between two metal electrodes. The sample with its holder was positioned in a special system to allow temperature control in the investigated range. Details of the sample holder were described early [12] . 
Current-controlled negative resistance with memory
In the present work we investigated the switching phenomenon when the current ows parallel to the cleavage planes perpendicular to the c-axis. Switching is symmetric with respect to the polarity.
Also we can notice that thallium gallium sulphur selenite is a quaternary semiconductor exhibiting S-type IV As is evident from the experimental curves as well as predicted by the electrothermal model [1618], the ambient temperature greatly inuences the form of the IV curves. As observed from the curves of Fig. 1 and Fig. 2 some common features are shown such as the following.
There are two distinct regions; one in the OFF state region and the other negative dierential resistance (NDR) region.
It is clear that, with increase in temperature, the CVC as a whole is shifted toward the lower potentials.
S-shaped curves in the higher current density regions with a rather pronounced NDR region, which sets in after a critical current value (I th ), threshold current.
The NDR region of the curves is more pronounced at higher ambient temperature.
The transition from the low to the high conductivity state of the curves is almost abrupt at higher temperature.
The threshold voltage V th , after which the NDR region sets in, becomes higher with decreasing temperature.
A marked increase in the holding current I h with increase in temperature, while the holding voltage gradually increases with decrease in temperature. The eect of the ambient temperature on the switching parameters V th and I th is illustrated in Fig. 3 . th and P th on T is plotted in Fig. 4 on the basis of the thermal-eld Frenkel eect [19] . This gure obeys the following relation [19] :
where ε 0 is the permittivity of vacuum, ε ∞ is the electron component of the permittivity, d is the distance between two electrodes, c is a constant, e is the electron charge, ϕ is the depth of the potential well, T is the absolute temperature. Using the coordinates V 
Eect of sample thickness
The overall features of the IV characteristics of TlGaSSe are altered by changes in sample thickness. It the switching process in a specimen. This result can be explained clearly in terms of the Ovshinsky model [21] in which injection and impact ionization are believed to play an important roles in such process. Figure 9 shows that the dependence of the threshold eld E th and threshold power P th on the thickness of the sample.
It is clear that E th increases with sample thickness.
This indicates that the electric eld has a profound inuence on the ability of the samples to undergo a transition from the OFF state to an eective region of NDR.
This supports the suggestion that the mechanism of the switching in TlGaSSe sample may involve both electronic and thermal processes [22] . The variation of the threshold power P th with sample thickness is plotted in the same gure.
It is seen that the threshold power increases linearly with increasing thickness, i.e. the power required for 
